natural stimulus such as touch or pressure to evoke potentials has been utilized infrequently. '-' An advantage of a natural stimulus is that it provides information as to the function of the receptor and its terminal nerve fibers whereas electrical stimulation of nerve trunks bypass these areas. Secondly, both the type of neural elements and the central pathways activated are relatively specific with a natural stimulus compared to electrical stimulation of nerve trunks. A major disadvantage of a natural stimulus is that complex procedures are often required for its quantification. Moreover, since natural stimuli usually activate a restricted number of neural elements, the amplitude of their evoked potentials may be less than those evoked by electrical stimulation.
Over the past few years we habe had the opportunity to work on this problem and have utilized two types of natural stimuli: ( I ) mechanical deformation of the skin of the finger that feels like a tap,8-" and (2) flexion or extension of the ankle joint to activate muscle spindle receptors in the gastrocnemius or tibialis anterior muscle^.'^ These natural stimuli were capable of evoking potentials at several levels of the somatosensory pathway.
Tactile stimuli elicit clear potentials at many levels of the somatosensory pathway but are of low amplitude compared to the potentials evoked by electrical stimulation of nerve trunks (FIGURE 1). Their scalp distributions are comparable" as are the effects of stimulus rate."
Preliminary studies using tactile stimulation were completed in neonates and showed clear potentials at several levels of the pathway.'* However, cortical potentials could only be detected in 2 of 10 newborn infants compatible with a maturational delay in cortical circuits in youngsters of this age.
Conduction times along the sensory pathway to natural tactile stimuli can be calculated and used to assess abnormalities in clinical pop~lations.'~ For instance, in an unpublished study of diabetic and uremic patients with peripheral neuropathy, we (Starr and Pratt) found the conduction time from mechanical stimulation of the index finger to the Occurrence of the evoked potentials recorded over the median nerve to be abnormal in 8 of 11 patients with uremia but normal in the 7 patients with diabetes. However, in both groups of patients proximal afferent conduction times between the wrist and axilla from electrical stimulation of the digital nerves were consistently abnormal (10/11 uremic patients; ti/7 diabetic patients). This finding would suggest that the terminal parts of the nerve fiber are particularly affected in uremic patients compared to those with diabetes.
We have recently extended the use of natural stimuli to that of muscle stretch to evoke cerebral potentials in humans." We believe that muscle stretch was effective in evoking the potential by activating Ia afferents from muscle spindles (FIGURE 2). The definition of la afferent input to the cerebral hemispheres provides a means for the clinician to directly assess muscle spindle-cortical connections in a variety of clinical disorders.
50ms FIGURE 2. Somatosensory potentials evoked by muscle stretch. Two superimposed averages of cerebral evoked potentials (C, referenced to F, , : top trace), and of muscle afferent activity (integrator time Constant: 0.01 sec), recorded by a microelectrode within a fascicle of the peroneal nerve innervating tibialis anterior (second trace); the velocity profile of the plantarflexion movement of the ankle (third trace); and ankle joint position (bottom trace). The repetition rate of stretch was 1 Hz. The components of the evoked potential are labeled according to polarity at the vertex electrode (P, positive; N, negative) and approximate latency (in msec) in normal adults. Peak velocity of movement is reached at 46 msec, maximum muscle afferent activity at 37 rnsec, and the onset of the initial deflection of the evoked potential at 32 msec.
We propose that the use of natural stimuli to study somatosensory functions, both by behavioral and electro-physiological means, is physiologically appropriate and will result in data that can help clarify mechanisms both of normal sensory function and of clinical disorders of sensation. However, there are numerous technical problems that must be solved before such studies can be considered "routine," as are the present studies using electrical stimulation of nerve trunks. Nevertheless, techniques are now available for those wishing to analyze natural physiological approaches to evoked potential correlates of somatosensory function. DISCUSSION OF THE PAPER T. ALLISON: Do you have data on the scalp topography of P45? One might expect that this component is generated in area 3A since this is where the muscle spindle afferents are thought to terminate.
A. STARR: Yes. This component is largest around the vertex, but our electrodes were not spaced close enough to show whether or not the distribution was asymmetric over the two hemispheres.
R. CRACCO: Some of your colleagues from Australia recently provided evidence that suggests that the latency of the scalp response with mixed nerve stimulation is determined by dynamic spindle input, presumably Group 1A. Would you comment on this?
STARR: Yes, they compared SEPs of the sural nerve at the ankle with that of the posterior tibial nerve at the ankle. The latency of the posterior tibial nerve SEP was shorter than the sural nerve SEP, suggesting that the 1A afferent fiber pathways are conducted faster in the spinal cord than the pure cutaneous ones.
